We present an analysis of the photometric variability of M dwarfs in the WFCAM Transit Survey. Although periodic lightcurve variability in low mass stars is generally dominated by photospheric star spot activity, M dwarf variability in the J band has not been as thoroughly investigated as at visible wavelengths. Spectral type estimates for a sample of over 200,000 objects are made using spectral type-colour relations, and over 9600 dwarfs (J<17) with spectral types later than K7 were found. The light curves of the late-type sample are searched for periodicity using a Lomb-Scargle periodogram analysis. A total of 68 periodic variable M dwarfs are found in the sample with periods ranging from 0.16 days to 90.33 days, with amplitudes in the range of ∼ 0.009 to ∼ 0.115 in the J band. We simulate active M dwarfs with a range of latitude-independent spot coverages and estimate a periodically variable fractions of 1-3 per cent for stars where spots cover more than 10 per cent of the star's surface. Our simulated spot distributions indicate that operating in the J band, where spot contrast ratios are minimised, enables variability in only the most active of stars to be detected. These findings affirm the benefits of using the J band for planetary transit searches compared to visible bands. We also serendipitously find a ∆J>0.2 mag flaring event from an M4V star in our sample.
INTRODUCTION
The number of exoplanet discoveries has been growing at an increasing rate, while the lower mass limit for habitable-zone planets grows increasingly closer to 1M⊕. Indeed, planets of less than 1M⊕ orbiting sun-like stars have been recently been detected (Fressin et al. 2011) . Recent discoveries by Vogt et al. (2010) and Charbonneau et al. (2009) have highlighted how rich in low mass planets M dwarf systems can be. While radial velocity surveys have been productive in detecting exoplanet M dwarf systems, only seven of the 251 known transiting planets have been detected orbiting M dwarfs 1 , in four systems: GJ 436 (Coughlin et al. 2008; Gillon et al. 2007 ), GJ 1214 (Charbonneau et al. 2009 ), KOI 961 (Muirhead et al. 2012 , and KOI-254 . The Kepler satellite has so far identified more then 30 early M dwarf planetary host star candidates from 2510 stars cooler than 4000K being monitored (Borucki et al. 2011 ). The Wide Field Camera (WFCAM) 1 exoplanet.eu database Transit Survey (WTS) is a UK Infra-red Telescope (UKIRT) Campaign Survey comprising more than 100 nights worth of observations. Its main science driver is to identify planets orbiting M dwarf stars. The observations comprise four fields, each of which is itself comprised of eight pointings of the of WFCAM, which uses four 2048×2048 pixel imaging arrays each covering 13.65'×13.65'. The most complete field has accumulated a total of 1197 epochs of observations over 5 years. Light curves were obtained in the J band only with single deep exposures in ZY JF K bands. A full description of the observation technique is given by Nefs et al. (2012) . Data reduction and light curve production has been carried out by the Cambridge Astronomical Survey Unit (CASU) using a customised pipeline (Irwin et al. 2007; Kovács, G. and Hodgkin, S. and Sipőcz, B and Pinfield, D., and others 2012) . In addition to transit searches the WTS lightcurves facilitate a wide range of additional science, including the search for and study of variable M dwarfs, on which our work is focused. The sampling and overall time base-line of the survey potentially permits sensitivity to periods up to tens of days. and eclipsing binary studies (eg. Morales et al. 2010) suffer from the intrinsic photometric variability of the target stars which must be constrained and accounted for. A thorough understanding of activity of stars is vital in order to uniformly obtain the parameters of any orbiting planets from both transit and radial velocity surveys, or indeed the thresholds set by activity beyond which it is impossible to detect planets. In this paper we classify a sample of M dwarfs in the WTS survey and search for periodic variability in the longbaseline J-band light curves. While we do not intend to directly test for planet parameter retrieval, we aim to corroborate previous surveys of M dwarf variability at shorter wavelengths in the near infra red and parameterise the variability of the sample.
M DWARF VARIABILITY
The periodic variability in M dwarfs can result from the modulation of brightness by cool star spots. M dwarfs, like all stars, enter the main sequence rotating rapidly due to the angular momentum of the cloud from which they form. The rotation induces a dynamo giving rise to magnetic activity in the photosphere that produces stellar spots. For solar-type stars the α − Ω dynamo generated at the tachocline, the boundary between the convection and radiative zones, (Browning et al. 2010 ) results in latitude dependent spots from the generation of toroidal fields by differential rotation within the star (Brown et al. 2008 ) that confine magnetic flux tubes to high latitudes (Moreno-Insertis et al. 1992; Schuessler & Solanki 1992) , and Granzer et al. (2000) find that low latitude magnetic flux emergence can occur in very young, partially radiative, main sequence stars, which could give rise to spots at all latitudes. However, stars later than M3.5 are fully convective, so no tachocline exists at which such a dynamo can be generated, yet stars of a later spectral type are still active and this activity may be dependent on an alternative form of dynamo (Rockenfeller et al. 2006; Brown et al. 2008) . This switch over at M3.5 has been confirmed through observations of the magnetic energy of M dwarfs (e.g. Reiners & Basri 2008) . Indeed, spectropolarimetric studies of objects known to be fully convective by Morin et al. (2008 Morin et al. ( , 2010 have found such a switch in magnetic field morphology. An alternative dynamo, ultimately dependent on the Coriolis force and called α 2 , has been shown by Chabrier & Küker (2006) as being the type of dynamo process occurring in fully convective, low mass objects such as late M dwarfs and brown dwarfs. The magnetic field generated by the α 2 dynamo is quadrupolar. The more distributed field in these models could lead to a more distributed spot pattern. The exact nature of the dynamo process and its dependencies in fully convective M dwarfs is yet to be properly understood, while observations continue to place restraints on future models.
Observations by Barnes et al. (2002) indicate a uniform distribution of star spots at all latitudes for partially radiative stars, while others find spots concentrated in the polar regions (Morales et al. 2010; Jeffers et al. 2007 ) that more closely resemble model predictions of magnetic activity. Frasca et al. (2009) fit K and M dwarfs light curves of varying morphologies using a variety of models consisting of just two large spots, although they do not consider alternative spot distributions and instead vary the spot latitudes and temperatures, and the stellar inclination. An approximately uniform distribution of spots will also result in a variable light curve due to local over-or under-densities of spots on the star. Photometric observations provide limited information about precise starspot morphology, but remain useful for characterising general trends in active, rotating stars.
Rotation and activity have been shown to be correlated in M dwarfs. Based on observations on a sample of 123 M dwarfs Browning et al. (2010) find that all fast rotating stars are active (while not all active stars are fast rotating). Messina et al. (2003) study 274 cool, main sequence stars in clusters and find relations between V band amplitude, ratio of X-ray luminosity to bolometric luminosity, period, and Rossby number (the ratio of the rotation period to the convection turnover time). They find a period-amplitude relation for late type dwarfs (K6 to M4) with two upper envelopes, with a general trend of decreasing amplitude for larger periods, with a similar relation found for amplitude and Rossby number. Messina et al. (2011) , however, do confirm the link between cluster age and the rotation period. They find 75 periodic variable main sequence stars, including 30 late type variable dwarf stars (earlier than K2, and therefore partially radiative), in the open cluster M11, and find a mean period of 4.8 days, compared to 4.4 days for the younger M35 cluster and 6.8 days for the older M37 cluster. The periods found by Messina et al. (2011) range between 0.2214 and 21.05 days over an 18 day long observation period. Radial velocity work by Reiners (2007) confirms the activity rotation connection up to the fully convective boundary. Rockenfeller et al. (2006) find 19 variable field M dwarfs (M2 to M9) in the I, R and G bands. They find stars of spectral types M2.5 to M9, and periods for some between 3.3 and 13.2 days. The fraction of variable stars among these field M dwarfs is 0.211 ± 0.11 (see references in Rockenfeller et al. 2006 ) and a trend of increasing light curve amplitude for later spectral types is seen, with stars later than M10 having the greatest magnitude variation. They find for the M9 star 2M1707+64 a spot coverage fraction of less than 0.075, with a spot temperature to photospheric temperature difference of 4%-7%, corresponding to 200K to 300K cooler spots, and a light curve amplitude of 0.04 in magnitude. Frasca et al (2009) also fit somewhat greater values of spot to photosphere temperature difference in their two-spot models of variable M dwarfs, ranging from 9% to 29% cooler spots, and in one instance, spots 10% hotter than the photosphere, possibly may be due to continued accretion on to the star.
VARIABLE LATE-TYPE DWARF SELECTION

Colour selection and spectral typing
The spectral types of the majority of stars in the WTS data are unknown. Although colour cuts have shown to be a useful tool for extracting samples of M dwarfs while eliminating sources of contamination (Plavchan et al. 2008) , and estimation of spectral subtypes was preferential for analysing relations between spectral type and other parameters. We therefore made spectral classifications using colour-spectral type relations to identify the WTS M dwarfs. Covey et al. 2007 find the location of main sequence stars across the Morgan-Keenan spectral types from near infrared Two Micro All Sky Survey (2MASS) JHKs and visual Sloan Digital Sky Survey (SDSS) ugriz photometry. They find the median position of stars across spectral type O to M for main sequence, giant and supergiant stars in a 7 dimensional colour space and the relationship between spectral type and colour. Using these relationships it is possible to estimate both a spectral type and luminosity class for any given stars providing they are observed in SDSS. Once the spectral types for all the WTS stars had been estimated a sample of M dwarfs could be extracted.
JHKs magnitudes for many of the stars are available from both the 2MASS and WTS surveys, the WTS magnitudes being the more accurate and complete. In order to use the relations from Covey et al. (2007) the WTS magnitudes were converted from the Mauna Kea Observatory (MKO) system to the 2MASS system using empirical relations found by Hewett et al. (2006) . The 03hr, 07hr and 19hr fields fully overlap with SDSS observations, and ∼ 96% of the J<17 objects have corresponding SDSS magnitudes, whereas the 17hr field is not covered by SDSS, and a spectral type was only assigned to those with SDSS observations.
On SDSS/2MASS ugrizJHKS colour-colour diagrams the loci of main sequence and giant stars are discernible enough to fit discrete tracks. We use the relative positions of each WTS star to these tracks to estimate whether a star is on the the main sequence or not. Regions where the tracks are discrete are found on plots of the colours of consecutive passbands: r − i versus g − r, z − J versus i − z, J − H versus z − J, H − Ks versus J − H; additionally colours of wider baselines were used: i − Ks versus g − i, r − z versus u − r, r − z versus J − H. The use of multiple colour-colour plots allows for greater robustness in the identification. Polynomial functions are least-squares fitted to each of the trends to create tracks for giants and dwarfs in colour-colour space. The orders of the polynomials is determined such that it is the highest degree before there is over-fitting, determined from the r.m.s. residual values. A quantified comparison between a star's colours and the dwarf and giant tracks in each diagram can then be made. A star's separation in colour space from each track is found and divided by the 2σ error on the star's colour index to identify to which track a star lies closest. Stars that lie within 2σ of one of the polynomial fits are assigned as being a dwarf or giant respectively, whereas all other stars are flagged as being ambiguous under that colour-colour regime. The modal identification from the comparisons with the seven colour-colour relations is found giving each star an overall categorisation as either dwarf, giant or ambiguous. As most stars occupy a degenerate position on the tracks this serves primarily to eliminate any star from the sample that can be positively identified as being a giant.
In addition to the luminosity class, the spectral type can be estimated from the colour indices using the colour-spectral type relation presented by Covey et al. (2007) , and West et al. (2011) who provide the relation extended to later spectral types. A method for finding the spectral type is similar to that used to find the luminosity class; smoothing splines were fitted to the colour indices. The colour indices used were r − i, i − z, and z − J (e.g. Figure 1 ); other SDSS and 2MASS colours being either too metallicity dependent or having too large uncertainties. The mean and standard deviation of the spectral types for each colour index give an estimation for spectral type of each star in the sample. To assess the reliability of our classification, we applied the method to M dwarfs of known spectral types from catalogues published by West et al. (2011) . Figure 2 shows that the match between our estimated spectral type and the spectroscopically determined spectral type follows a 1:1 relation with an error of approximately ±1 sub-type. One constituent field of the WTS, the 17hr field, was not observed in the SDSS, and therefore spectral type estimates were not made, although a variability selection described in the following section was made on the reddest stars as defined by our initial colour cut at H − K > 0.175 (corresponding approximately to K7V and later), combined with colours cuts presented by Plavchan et al. (2008) to eliminate M giants and background, reddened sources.
Variability Selection
To identify periodically variable stars the frequency spectrum for each of the M dwarf light curves in the sample is found using the Lomb-Scargle periodogram, which is optimised for finding sinusoidal shaped periodic signals (Lomb 1976; Scargle 1982) . The periodogram calculates a normalised power spectrum across a defined range of periods; the peaks corresponding to periodic variations in the light curve. It is robust with respect to a varying amplitude in that while a linear change in amplitude will attenuate a signal and a periodic change in amplitude will introduce a second signal, the signal corresponding to the primary variability period will still be detected. A false alarm probability (FAP, as described by Horne & Baliunas (1986) ) threshold is determined to enable the peaks in the periodogram to be identified with a given level of confidence and to filter out peaks that are probably caused by noise. Our threshold is defined such that all peaks in the periodogram with a value greater than this value corresponds to a real signal with 99 per cent confidence or better, that is to say, we discard by default any peaks that are less probable than one generated by Gaussian noise by determining the power of such a peak. All other peaks are ignored and the remaining stars are retained as candidates for periodic variability. This process only eliminates peaks that are unlikely to be real signals, but leaves other signals that are not due to modulation by photospheric spots. These other sources of periodic variability are identified and eliminated from the sample. Potential sources that are discernible are identified as:
i Eclipsing binaries ii Other variable stars iii Periods imposed by the rotation of the Earth iv Periods imposed by sampling rates v Periods from seeing variations with merged sources One star was excluded as it was blended with the diffraction spike from a known Mira type star V1134 Cyg (Miller 1966) , evoking a period of 327.01 days. We discount all other potential identities for the variables for having too early a spectral type or too long a period as with RR Lyrae type stars or too large a light curve amplitude that would be indicative of semi-regular, Mira or other variable giant stars are excluded by the aforementioned colour cuts. A total of 12 suspected or know eclipsing binaries were identified in the sample as having light curves with periodic troughs of two distinct depths, indicative of the primary and secondary eclipse of the system, or periodic magnitude variations of ∆J>0.02. We find amplitudes larger than this necessitate unphysical photospheric spot configurations using a light curve synthesis detailed in Section 5.3. These were excluded from the sample.
Light curves with periods corresponding to ∼1 day are identified, as is a sample of light curves with periods corresponding, within 3 significant figures, to fractions of a day (i.e. 1/2, 1/3, 1/4, 1/5), thought to be caused by repeated sampling at a 1 day period. These stars are not excluded from the search, but these periods are, such that these peaks in the periodogram are ignored while other peaks are identified. Additionally each variable star candidate is inspected by eye in the field to reduce the potential of having any variations in magnitude invoked by variability in other sources in a crowded field. For many light curves, the periodograms have multiple peaks above the FAP threshold, in which case the light curve is folded about the primary or highest peak. From the 68 light curves in the sample a peak to peak amplitude for each light curve is obtained by binning the folded lightcurve, while the period is obtained directly from the highest peak in the periodogram not to have been previously discounted, about which the light curve is folded.
Each light curve is then broken down in three separate consecutive epoch ranges each containing a third of the observations and each range is again tested for variability. While the significance of indicates a weak trend for decreasing amplitudes at longer periods; it is less correlated than the trend found by Hartman et al. (2011) . A colour version of this figure is available in the online article.
the peak in the periodogram varied for each epoch range, its presence ensures that the periodic signal is maintained in the photometry of the star for the duration of observations. This process also enables the discover of some examples of evolving variability as discussed in Section 5.2. 
RESULTS
The variability search yields 68 detections of variable stars (Table A1, Figures A3-A5) with colours indicating they are late type dwarfs. A Spearman rank correlation coefficient calculated for the amplitudes with respect to spectral type finds a weak trend for lesser amplitudes at later spectral types (RS=-0.35, 99.7% significance), with the largest amplitudes detected from the earliest type stars. Figure 6 shows amplitude against period, and while no upper envelope (e.g. Messina et al. 2003 ) is found, a weak trend for smaller amplitudes at longer periods is found using the same Spearman rank coefficient (RS=-0.24, 95.5% significance), as Hartman et al. (2011) find in sample of periodically variable M dwarfs in the HATNet survey, although with a less defined and significant correlation. This would be expected to arise from the more rapid rotation of the short period variables driving an increase in magnetic activity, given the dependence of the α−Ω dynamo on rotation. It should be noted that the random orientation of the axes of rotation of these stars would attenuate this correlation by mitigating the difference in flux observed along the line of site as an unevenly spotted star rotates. For stars with randomly distributed inclinations we would expect the peak amplitude to be on average 1/ √ 2 of the actual amplitude. The switch between radiative to fully convective occurs at types later than M3.5 (Rockenfeller et al. 2006) , although this is not visible in Figures 5, 7 , and 6 due to the lack of variable stars later than M4 detected in our sample.
We can take advantage of these results to make comparisons with rotation-evolution studies, using tangential velocities (vt) obtained from SDSS proper motions and distance estimates from photometric parallaxes as approximate tracers of population (eg. Reiners & Basri 2008) . We label stars with a vt 30 kms −1 as likely old disk stars (red diamonds in Figures 5, 6, 7, 8) , and those with a vt < 15 as young disk stars (yellow diamonds). Other stars are marked with orange diamonds. Two of the faintest stars in our sample are found to have vt=309±35 kms −1 and vt=814±79 kms −1 (marked with black stars), consistent with being members of the halo. We find our old disk stars are primarily slower rotators, corroborating the results and collated data of Kiraga & Stȩpień (2007) , and the later MV stars in Irwin et al. Figure 12 ) for comparison. Symbols are described in the text, or else, the symbols with black borders being those from Irwin et al. (2011) with red, orange and yellow corresponding to their definitions of thick, middle and thin disc populations respectively; crosses represent young field stars (∼1-2Gyr) and unfilled black diamonds represent old field stars (∼8-10Gyr). Spectral types were interpolated from the standard spectral types and stellar masses (Mamajek 2011) . The large vtan stars, which may be of the older, thick-disc population, with spectral type M1V (∼0.6 M ) are shown to exist with periods of <10 days, existing as outliers to the sequence of old rotators. A colour version of this figure is available in the online article.
(2011), who find a greater number of slow rotators amongst the old disk stars, and also find young disk stars occupying the full range of detected periods. We find the majority our 'old' stars at periods >20 days, in agreement with their conclusion of a more rapid spin down time for more massive, partially radiative stars. Although we do find 5 early MV stars with periods <10 days, this may be as a result of the crude method of assuming an age from vtan that does not take into account the full space velocity of the star, and these stars may in fact be members of the younger population, as early M types only remain active for <2Gyr (West et al. 2008) .
DISCUSSION
Completeness
In our sample, the lack of detected variable late-MV stars may be reflective of the very low numbers of stars later then M4 (see Figure  3 ) present in the total sample, such that this lack of active stars beyond M7 may purely be indicative of the bias in the sample towards earlier spectral types, as we find no variables later than M4V. Ciardi et al. 2011 find a variability fraction of 0.367 for M dwarfs over the same observation window based on the dispersion of points in the lightcurves about the mean, but note that their sample includes stars that are not periodic in their variability. They also find that the time scales for such variability is on a time scales of weeks or more. Rockenfeller et al. (2006) In order to further assess the sensitivity of our period detection method, and to probe how noise in the light curves affects detections, we perform Monte Carlo simulations. These simulations are carried out in such a way to also determine the effects of aliasing of the observation periods with real periodic signals. Light curves with no intrinsic periodic signal are randomised with respect to magnitude, maintaining observation times. Sinusoidal signals of random periods and amplitudes are then injected. The same Lomb-Scargle periodogram is applied to each lightcurve and tested for a peak more significant than the 0.1 FAP threshold, corresponding to the injected period, which by our method would constitute a detection. The resulting simulations show that the for 12<J<15 periods of less than 20 days with a J band variability greater than 0.01 should always be detected. Indeed this constitutes the majority of periodic variability detections despite a greater sample of stars at J>15. These simulations indicate that that for 12<J<14 the fraction of variable stars is is 2%. This variable fraction is still are an order of magnitude less than those found at surveys of shorter wavelengths, and reasons for this are discussed in section 5.3.
Variability
Periodicity only occurs for those M dwarfs that are active, and this activity also results in flaring. Reiners (2007) predicts that rotational periods of the order of several weeks will be found for early M dwarfs with difficulty, due to the relatively short duration flaring events resulting in noise disguising the periodicity. The WTS observations are however conducted in the J band, which alleviates this issue as flaring events are rarely as detectable in the near infrared (Rockenfeller et al. 2006) . Tofflemire et al. (2012) find no evidence of flaring in JHKS pass bands during simultaneous optical and infrared monitoring of three M dwarf stars for 47 hours corresponding to the flaring events they detect in the U -band. We have serendipitously found one particularly large flaring event from the M4V(±1) star 19d 1 12692, of ∆0.2 in J band magnitude. The incomplete observations of the flare lasted for 49 minutes and thus the overall duration could have been several hours. This brightness of the flare is in contrast to the results of Tofflemire et al. (2012) who expect to find flaring events in the J band occurring on mmag scales, and would transform to a u-band response of >∆6, which by extrapolation of the frequencies of flaring events per magnitude found by Davenport et al. (2012) would be expected to be observed less than once a year. Due to such a low rate of occurrence it is unlikely that such a flare would obfuscate a planetary transit, but such high intensity flares may have astrobiological significance.
In our sample we have detected M dwarfs with periods be- Kiraga & Stȩpień (2007) . Whilst the WTS periodic variable M dwarf sample produced no convincing evidence of periodicity on these time scales, a large number of periods > 80 days were found in the periodicity search and subsequently rejected when no sinusoidal variability was seen. Indeed it is not expected that all spot coverage on a star will induce a periodic variability in brightness if the spot coverage is not sufficiently inhomogeneous to invoke a detectable difference in brightness as the star rotates, or if the spot coverage changes in morphology at shorter time scales than the rotation period, although even in such a case a rotation period should be found by a Lomb-Scargle periodogram. This is discussed further in the following section. From our simulations discussed in Section 5.1 and shown in Figure A1 there is substantial loss of completeness for periods >20 days due to aliasing effects. In observations with Kepler Ciardi et al. (2011) find that M dwarfs are primarily variable over these time scales or longer. We are therefore limited to detecting only a smaller subsection of M dwarfs before our detection rate becomes sensitive to aliasing with observational periods, despite the overall long base line of observation time.
Spot Morphology
We find some evidence for a change in spot coverage was found in one star with an indeterminate spectral type in the 17hr field, 17d 1 06032 (Figure 11) , and in the stars 07e 2 02466 and 19c 2 05428 (Figure 12 ). In the former, no significant peak in the Figure 11 . As in Figure A3 . For 17d 1 06032, periodic variability was only found from the latter 50% of the observations, as marked, while no significant peak corresponding to this period was found when the periodogram was performed over all observations. Indeed a change in the amplitude of the unfolded lightcurve is visible across the marked division. This could be due to evolution in the spots on the photosphere such that, during the course of the observations, the spot coverage became less uniform so as to become variably bright. Figure 12 . The upper plots show light curves with errors omitted of the stars 19c 2 05428 and folded about the same period of 20.68 days, with the centre panel showing observations at HJD<54900 and the panel on the left with observations at HJD>54900. The low plots show and 07e 2 02466 and folded about the same period of 12.86 days, with the centre panel showing observations at HJD<55000 and the panel on the left with observations at HJD>55000. For 19c 2 05428, the phase is conserved, although the two distinct amplitudes and morphologies show the dichotomous nature of the variability over time. This may be an indicator of longitude dependent spots or spot groups evolving over time. 07e 2 02466 however exhibits a similar saw tooth like morphology in both sets of observations but the amplitude appears to vary more stochastically, although over hundreds of days.
periodogram, performed over the entire series of observations, corresponded to an obvious periodicity in folded light curves, thought the most significant peak in the periodogram for only the later 50% of the observations did correspond to a period for which a folded light curve displayed obvious periodic behavior. In the latter two a strong peak corresponding to the period is found in their periodograms although the amplitude of the variation changes over timescale of months, perhaps similarly indicative in a change in the spottedness of the stars. The changes in both instances happened over a time scale of <100 days, although due to a lack of observations during the transition it is unknown what the true speed of the amplitude change was. In both 17d 1 06032 and 19c 2 05428 however, the change in amplitude was dichotomous and does not appear to vary much once the new amplitude if established, whereas in 07e 2 02466 the amplitude varies over hundreds of days.
Since little information is known about the distribution of spots on any of the M dwarfs in our sample, a spot model is used to generate a range of scenarios against which the results pre-sented here can be compared. The simulations were generated by the Doppler Tomography of Stars code (DoTS) (Collier Cameron 1997) that can produce synthetic light curves at a chosen wavelength (13000Å, corresponding approximately to the J band midpoint) for a range of photospheric and spot temperatures (Tp, Ts respectively) and spot coverage models. The spot coverage models are identical to those used by Barnes et al. (2011) , including seven models in total covering solar minimal and maximum coverage to more extreme cases for active stars (see Table 1 , Barnes et al. 2011) . Three Tp/Ts ratios are used for each coverage model, a solar like ratio of 0.6, a less extreme ratio of 0.8, and an adjustment such that Ts = Tp − 250 K, comparable to models fitted to variable field M dwarfs in G, R, I bands by (Rockenfeller et al. 2006) . In addition to these models a single spot model at the 0.6 contrast ratio and -250K contrast were simulated for comparison with randomly distributed spot models. In these models a single 5
• wide spot was places at 0
• latitude on a star of zero inclination. Each simulation is carried out for a range of effective temperatures corresponding from spectral types M0V to M10V at 250K intervals, based on mass-spectral class models by Baraffe & Chabrier (1996) and a spectral type-effective temperature scale derived by Mohanty & Basri (2003) .
From the simulations, synthetic light curves are obtained giving a range of peak to peak amplitudes for each scenario of spot coverage, against which the variable stars in the sample can be compared in order to place limits on the spot coverage of each star. The results of the DoTS simulations are plotted in Figure A2 . These simulations place some limits on the spot coverage over the variable M dwarfs found here that suggest a star spot coverage modeled at 18% and 48% for lower Ts/Tp ratios and a lower coverage model at 6.1% for the larger Ts/Tp = 0.6 model. Also included in this range are many of the single spot models, although the morphology of these is distinct from a sinusoid and we can rule out such models as an explanation for the variability we detect. There exists numerous degeneracies between models and scenarios not modeled here rendering further determinations of spot coverage difficult. The single spot model included a spot of 5
• width centered at 0 • latitude, although larger spots at changing latitudes could generate the same peak to peak amplitude, and there maybe be multiple spots or spotted regions. The light curves for these configurations would differ in shape, as modeled by Frasca et al. (2009) , but such shape is difficult to distinguish due to noise in the WTS light curves, in addition with the potential for individual spots to change in size over the duration of the survey. Furthermore, the amplitudes are highly dependent on the Ts/Tp ratio which introduces extra degeneracy. While a well defined spot coverage cannot be determined, it is apparent that many of the lightcurves are not sinusoids, instead resembling a saw tooth morphology ( Figures A3, A4, A5) , suggesting a spot density that is more sharply dependent on longitude.
The detection of stars with amplitudes ∆J> 0.1 is at least evidence for spot coverage 50%, as required to explain observations of M dwarf radii by Jackson et al. (2009) , assuming a more random distribution of spot coverage, or large variation in the spottedness of such a star with respect to longitude.Additionally, some information can be extracted from comparisons between the V , I and J band amplitudes. The amplitudes in the V and I bands are greater for stars with lower spot coverages which may explain discrepancies between the variable fraction found here and the higher fractions found in the aforementioned surveys. Simulations show that J band amplitudes for any given spot induced variability are 0.44 of those in the V band and 0.55 of those in the I band. Furthermore, the simulations indicate we are limited to detecting only stars with spot coverages greater than ∼10 per cent, as variability possible under lesser spotted models is of a lesser amplitude then the noise limit of WTS, and affirms the use of the near infrared for planetary transit searches as spot induced variability is of a lesser magnitude that that observed in shorter wavelengths. Indeed, in variable samples observed at shorter wavelengths such as Rockenfeller et al. (2006) (R, I) and Irwin et al. (2011) (∼i + z bands) find lightcurve amplitudes of the order of ∼0.005-0.01 in their respective pass bands. In the sample described in Rockenfeller et al. (2006) only 16% of the detected I band amplitudes are >0.02 in magnitude. Lower level variability scaled to the J band would be less than the range detectable in our sample due to our noise limitations found in our Monte Carlo simulations, which reflect the general noise limit of the WTS (Figure 9 ). This, coupled with aliasing sensitivity for periods >20 days, may explain the order of magnitude lower fraction of periodically variable M dwarfs detected in our J band survey.
CONCLUSIONS
In this paper we have selected a sample of M dwarfs from the WF-CAM Transit Survey by estimating their spectral type using colour indexes. From this a sub-sample of variable objects are selected using a Lomb-Scargle periodogram. 68 variable rotating MV stars are found with a range of periods from 0.16 to 90.03 days and amplitudes from 0.009 to 0.115 in the J band. Additionally three others with a less constrained spectral type are found. We infer population membership from tangential velocities and find our results to be in agreement with previous such studies.
Using a lightcurve synthesis code we find that these stars may have a high degree of spottedness, of the order of 10 per cent surface coverage or more, in some cases 50 per cent, at least at time scales of < 20 days, and we estimated a fraction for these variable M dwarfs of at least of 1 per cent from the most complete subsamples. These results indicate that transit surveys carried out in the J band may be less susceptible to the effect of spot induced variability in photometric observations, as our simulations suggest they are predisposed to only detecting the variability of the most active of M dwarfs. This would minimise intrinsic variability and allow the better parameterisation of transiting planet and eclipsing binary systems by observing in the near infrared. One example of a particular large flare in the J band is serendipitously found. We also find evidence for evolving spot morphologies in the form of light curve amplitudes varying over periods of months in three of stars. In one late type dwarf of unknown spectral type periodic variability was found to switch on after months of inactivity. Table A1 . A table of the 68 variable M dwarfs found. Included are stars outside the M dwarf spectral type range but with H-K > 0.175 suggesting a redder, late type star that the spectral typing procedure erroneous assigned an earlier spectral type, and have been retained for maximum inclusivity. Spectroscopic follow up is required to absolutely confirm the nature of these stars, and any subsequent exclusion would not effect the conclusions we draw. Figure A1 . Fractions of injected signal detected for lightcurve amplitude as a function of period. White presents a retrieval fraction of 1 (i.e. a signal corresponding to the period with a probability >.99 of a real signal not caused by noise is retrieved in every simulation) and black a fraction of 0 (i.e. no significant signal corresponding to the injected period is found and noise dominates in all simulations). The plots on the left show the output binned at 1 day period intervals and 0.01 J band magnitude amplitude intervals with an average of 1666.7 data per bin, and on the right at 0.25 day and 0.005 J band magnitude intervals respectively with an average of 4.2 data per bin. A window of high-retrievability remains for the brightest targets for J = 12 to J = 15 with detectability decreasing at J > 16. The diagrams on the right show a very strong dependency on period due to aliasing effects with periods of observation. Please see online article for a colour version of this figure. Figure A2 . Output from the DoTS code of peak to peak amplitudes for simulated light curves against the spot coverage percentage. Coloured diamonds, crosses and pluses indicate J band scenarios for Ts = Tp − 250K, Ts = 0.8Tp and Ts = 0.6Tp with each colour representing a photosphere temperate from 2250K (red) to 3750K (magenta) in 250K steps. The joined stars indicate the analogous maximum and minimum I band amplitudes in each case, and the triangle the analogous V band amplitudes respectively. The dashed lines represent the range of amplitudes detected in our sample of variable stars; the low limit imposed by the noise limitation in WTS. The boxed points show the amplitudes found by having one large spot group located on the stars equator. The I and V band amplitudes for the less spotted cases are larger, indicating that we are sampling stars with activities greater then ∼ 10 per cent and that surveys in the J band such as WTS may not be sensitive to lower amplitude variability in the less spotted cases than surveys at shorter wavelengths. The amplitude downturn between the two most heavily spotted models is due to the increase in homogeneity as the the spot coverages tends towards totality, such that the temperature differentials on the photosphere become dominated by the lesser contrast between spot umbrae and penumbrae rather than the greater contrast between spotted and unspotted areas. Please see online article for a colour version of this figure. Figure A3 . Folded light curves for the variable stars with estimated spectral times in the 03, 07 and 19 hour fields. Light curves are labeled with the name of the star and the period from from the periodogram.
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